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Description

CROSS REFERENCE TO THE RELATED APPLICA-
TIONS

[0001] Thisapplicationisbasedonand claimsthe Con-
vention priority to a Japanese patent application No.
2010-127768, filed June 3, 2010, the entire disclosure of
which is herein incorporated by reference as a part of
this application.

BACKGROUND OF THE INVENTION
(Field of the Invention)

[0002] The presentinvention relates to a magnetic en-
coder which may be used to detect rotation, rotational
angles, and linear movements of various devices.

(Description of Related Art)

[0003] A technique that belongs to the field of bearing
elements is disclosed which makes use of magnetic sen-
sors arranged in the form of a line to obtain interpolated
pulse signals (see the Patent Documents 1 and 2 listed
below). A technique is disclosed which makes use of a
magnetic drum having different numbers of magnetic
pole pairs per complete rotation and of a plurality of mag-
netic sensors to calculate absolute angles (see the Pat-
ent Document 3 listed below). A rotational angles detec-
tion device is disclosed which makes use of magnetic
sensors such as disclosed in the Patent Documents 1
and 2 to obtain phase difference between two different
magnetic encoders and which uses the phase difference
to calculate absolute angles (see the Patent Document
4 listed below). A technique is disclosed which makes
use of a magnetic encoder such as employed in the Pat-
ent Document 4 and which interposes a gap between
plural rows of adjacent magnetic tracks (see the Patent
Document 5 listed below). A technique is disclosed which
makes use of a magnetic encoder such as employed in
the Patent Document 4 and which interposes a magnetic
material between plural rows of adjacent magnetic tracks
(see the Patent Document 6 listed below). A technique
is disclosed which manufactures a magnetic encoder that
includes a plurality of magnetic poles formed thereto (see
the Patent Document 7 listed below). A technique is dis-
closed which relates to, with respect to a magnetic en-
coder such as disclosed in the Patent Documents 1 and
2, plural rows of tracks that are out of phase from each
other (see the Patent Document 8 listed below).

[Prior Art Document]
[Patent Document]

[0004]
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[Patent Document 1] JP Laid-open Patent Publica-
tion No. 2001-518608

[Patent Document 2] JP Laid-open Patent Publica-
tion No. 2002-541485

[Patent Document 3] JP Laid-open Patent Publica-
tion No. H06-058766

[Patent Document 4] JP Laid-open Patent Publica-
tion No. 2008-233069

[Patent Document 5] JP Laid-open Patent Publica-
tion No. 2008-267867

[Patent Document 6] JP Laid-open Patent Publica-
tion No. 2008-267868

[Patent Document 7] JP Patent No. 4024472
[Patent Document 8] JP Laid-open Patent Publica-
tion No. 2002-512687

SUMMARY OF THE INVENTION

[0005] A plural-row magnetic encoder is often used to
provide a rotation sensor or an angle sensor for control
of a rotational device. In this case, reduction of the space
between the plural magnetic tracks may lead to increase
in magnetic interference between the magnetic tracks,
thereby resulting in reduced detection sensitivity. Such
undesirable effects of magnetic interference may be
greater when the plural rows of magnetic tracks are
brought closer as well as when magnetic sensors are
positioned at locations closer to a boundary line defined
between the plural rows of magnetic tracks. Also, for suc-
cessful incorporation of the sensors into a device, a suf-
ficient air gap may be required between a magnetic en-
coder - which is a rotational member - and sensors -
which are stationary members, to safely prevent possible
failures that may be caused by, for example, an acciden-
tal contact.

[0006] A separator made of a magnetic material may
be interposed between the plural rows of magnetic tracks
to reduce such magnetic interference. However, this may
complicate the construction of a magnetic encoder, lead-
ing to increase in the production cost. Also, a magnetic
material may short-circuit part of magnetic field emanat-
ing from a magnetic encoder, thereby leading to reduced
magnetic force at sensors. Increased distance between
the magnetic tracks may reduce magnetic interference,
but this may require a larger mounting space, preventing
reduction in the size of a detection device.

[0007] In practice, a minimum arrangement space for
sensors may be preferred in order to reduce the size of
a device. Hence, for proper incorporation, a magnetic
encoder may be required which includes plural rows of
tracks formed within a narrow width of 2 mm to 10 mm,
approximately. The incorporation of such a magnetic en-
coder may need to be such that an air gap in the range
of 0.3 mm to 4 mm, approximately, will be ensured be-
tween the surface of the magnetic encoder and the sen-
sors. Various factors such as mechanical tolerances and
operating environments often make it difficult to realize
a narrower gap between the surface of the magnetic en-
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coder and the sensors. Also, it is often preferred that the
sensors be arranged at positions that correspond to a
proximity to the centers of the respective tracks, since,
as far as the magnetic field strength detected by the sen-
sors is concerned, the strongest magnetic force ema-
nates from the centers of the widths of the respective
tracks as measured along the direction of rotation of the
respective tracks. Hence, a demand has exited for a plu-
ral-row magnetic encoder which, despite the aforemen-
tioned constraints, allows sensors to be positioned where
sufficient magnetic field strength is ensured so that they
can accurately read precision magnetic signals. To an-
swer such a demand, however, magnetic patterns
formed on the plural rows of magnetic tracks had to be
such that they define a possibly clearest boundary be-
tween them to prevent them from influencing each other,
so that precision magnetic signals are ensured at the
sensors’ detecting positions.

[0008] Fig. 21A shows a longitudinal cross sectional
view of a conventional radial-type magnetic encoder 50,
while Fig. 21B shows a longitudinal cross sectional view
of a conventional axial-type magnetic encoder 50. Fig.
22A shows the magnetization of the surfaces of the mag-
netic tracks of the magnetic encoder 50, to which desired
magnetic patterns have been magnetized. Fig. 22B
shows the magnetic patterns detected by sensors that
are arranged spaced through an air gap of 1 mm from
the magnetic encoder 50 of Fig. 22A. As shown in Fig.
22B, the magnetization in a proximity to the boundary
between the tracks 51, 52 shows a gradual transition on
detected magnetic patterns. Thus, information provided
by magnetic sensors that read signals of the respective
tracks 51, 52 will be of lower accuracy. Despite ideal mag-
netization on the surfaces of magnetic tracks such as
shown in Fig. 22A, with a larger air gap, information ac-
tually detected by magnetic sensors, which have read
signals of the respective tracks, will be of lower accuracy,
since they are more susceptible to the influence of the
signals of the other tracks. Possible measures to prevent
such lower accuracy are listed below, along with their
alleged disadvantages.

- A configuration of positioning sensors over the re-
spective tracks at locations that are remote from the
other tracks may be effective. However, this may go
against space savings. This may also lead to in-
creased widths W of plural rows of magnetic encoder
tracks. Thus, such a configuration may make it diffi-
cult to reduce the size of a magnetic encoder.

- A configuration of reducing an air gap to such an
extent that the influence of one track relative to the
other track becomes small may be effective. How-
ever, the acceptable range of such an air gap is lim-
ited, thus in turn limiting the number of operable con-
figurations.

- A configuration of interposing a magnetic material,
groove(s), and/or un-magnetized zone(s) between
plural rows of magnetic encoder tracks may lead to
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reduction in the influence of one track relative to the
other track. However, this may complicate the con-
struction of a magnetic encoder, leading to increase
in the production cost.

[0009] Fig. 23A shows a longitudinal cross sectional
view of a conventional radial-type magnetic encoder 53,
while Fig. 23B shows a longitudinal cross sectional view
of a conventional axial-type magnetic encoder 53. Figs.
24A and 24B illustrate a plural-row magnetic encoder 53
such as disclosed in the Patent Document 4, while Fig.
25 illustrates a general concept of errors. For conven-
ience, the illustrated magnetic encoder is an ideally mag-
netized, namely, error-free magnetic encoder which in-
cludes Ch1 and Ch2 tracks having eight and seven pairs
of magnetic poles, respectively. The air gap is 1 mm.
Figs. 24A and 24B illustrate the magnetic patterns on the
Ch1 track and Ch2 track, respectively, and each of them
is assumed to contain no errors because of ideal mag-
netization.

[0010] As shown in Fig. 25, as the respective tracks
approach each other, the magnetic patterns thereof act-
ing on positions of the corresponding sensors are actually
detected by the corresponding sensors as containing er-
ror patterns that include errors brought by the interfer-
ence of magnetism of the respective tracks having dif-
ferent numbers of magnetic pole pairs. Such an error
pattern indicates offset from an ideally magnetized mag-
netic pattern.

[0011] Both of the respective tracks are aligned with
each other at angle = 0° on an N pole. The Ch1 track is
affected by the interference of magnetism from the mag-
netic pattern on the Ch2 track. In the illustrated example,
the magnetic pattern on the Ch2 track has magnetic pole
pairs, each being larger than each of the magnetic pole
pairs of the magnetic pattern on the Ch1 track. Hence,
each of the magnetic pole pairs (or magnetic pole pairs
operating on the actual position of the corresponding sen-
sor) on the Ch1 track has a longer apparent length, thus
producing an error of positive polarity. The error shows
anincrease, up to the pointwhere angle =90°. In contrast,
the error shows a decrease where angle is in the range
of 90° to 180° and becomes zero at around where angle
=180°. This is because the offset between the magnetic
pattern on the Ch1 track and the magnetic pattern on the
Ch2 track gradually accumulates until it reaches the point
of inversion, from where each of the magnetic pole pairs
on the Ch1 track has a shorter apparent length. Each of
the error patterns per complete rotation is sinusoidal. The
error pattern on the Ch2 track has a property that is in-
verse to that of the error pattern on the Ch1 track.
[0012] The more magnetic pole pairs a magnetic en-
coder includes, the more approximate to a sinusoidal
wave each of the error patterns becomes. Such errors
may change according to the following parameters:

- Asmallervalue for the air gap may reduce the errors.
However, this may require components to be assem-
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bled with each other with precision and may jeop-
ardize the freedom of adjustment of the air gap from
magnetic sensors, thus limiting the number of as-
sembly options available.

- Theerrors may be minimized by separating the plural
rows of tracks from each other or by inserting a mag-
netic material between adjacent tracks. However, a
configuration of separating the plural rows of tracks
may prevent reduction in the size of a magnetic en-
coder. Amagnetic encoder including a magnetic ma-
terial interposed between adjacent tracks may be
difficult to manufacture, thus increasing the produc-
tion cost.

- Itmaybe conceivable to increase the space between
magnetic sensors that read signals of the plural rows
of tracks. However, this may prevent reduction of the
size of a detection device.

[0013] An object of the present invention is to provide
a magnetic encoder of reduced size and simplified con-
struction that includes plural rows of magnetic encoder
tracks, which enables accurate detection, by sensor(s),
of signals of equal pitch for detection of rotation under
the interference of magnetism between the tracks, while
at the same time ensuring a desired air gap.

[0014] Amagneticencoderaccordingtothe firstaspect
of the present invention is a magnetic encoder which in-
cludes plural rows of magnetic encoder tracks that are
arranged adjacent to each other and are formed integrally
with the magnetic encoder, at least one magnetic encod-
er track of the magnetic encoder tracks including a mag-
netic pattern having N poles and S poles arranged in
alternate fashion magnetized thereto to generate signals
of equal pitch for detection of rotation, the magnetic pat-
tern, the magnetic encoder being configured to be em-
ployed spaced through an air gap from sensors that read
magnetic signals of the respective magnetic encoder
tracks, the at least one magnetic encoder track being
configured such that the magnetic pattern thereof acting
on position of the corresponding sensor is, under an in-
terference of magnetism of the plural rows of magnetic
encoder tracks, detected by the corresponding sensor
as an equal pitch magnetic pattern.

[0015] When desired magnetic patterns are formed on
the surfaces of the respective rows of a magnetic encod-
er, the magnetic patterns actually detected by sensors
at positions corresponding to the desired air gap will be
offset from ideal magnetic patterns. This is caused by
plural rows of magnetic encoder tracks being brought
close to be integral with each other such that magnetism
of the magnetic patterns magnetized to the respective
rows interferes with each other.

[0016] In this configuration, the at least one magnetic
encoder track is configured such that the magnetic pat-
tern thereof acting on position of the corresponding sen-
soris, under the interference of magnetism of plural rows
of magnetic encoder tracks, detected by the correspond-
ing sensor as an equal pitch magnetic pattern. In this
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way, the interference of magnetism of plural rows of mag-
netic encoder tracks can be used to achieve detection of
an equal pitch magnetic pattern by corresponding sensor
(s) at its/their actual detecting position(s), while also en-
suring a desired air gap and without the need to compli-
cate the construction of a magnetic encoder. Thus, de-
spite the presence of plural rows of magnetic encoder
tracks, corresponding sensor(s) can accurately detect
signals of equal pitch for detection of rotation. This con-
figuration eliminates the need to provide or makes it op-
tional to provide a space between plural rows of magnetic
encoder tracks or to provide interposition of, for example,
a magnetic material between the tracks. In this way, the
construction of a magnetic encoder can be simplified,
thereby leading to reduction in the production cost of the
magnetic encoder and/or reduction in the size of the mag-
netic encoder.

[0017] The plural rows of magnetic encoder tracks may
include the plural rows of magnetic encoder tracks in-
clude a magnetic encoder track that is different from the
one magnetic encoder track and is adjacent to the one
magnetic encoder track, the different magnetic encoder
track including a magnetic pattern magnetized thereto to
provide a reference position for rotation, the magnetic
pattern magnetized to the different magnetic encoder
track having the same number of magnetic poles as the
one magnetic encoder track, and a phase offset with re-
spect to the magnetic pattern magnetized to the one mag-
netic encoder track, and the different magnetic encoder
track being configured to provide, by the use of the phase
offset with respect to the magnetic pattern magnetized
to the one magnetic encoder track, the reference position
for rotation.

[0018] The plural rows of magnetic encoder tracks may
include a magnetic encoder track that is different from
the one magnetic encoder track and is adjacent to the
one magnetic encoder track, the different magnetic en-
coder track including a magnetic pattern magnetized
thereto to provide a reference position for rotation, the
magnetic pattern magnetized to the different magnetic
encoder track including that has an N or S magnetic pole
at a certain circumferential location with the remaining
circumferential portion being not magnetized. The plural
rows of magnetic encoder tracks may include a magnetic
encoder track that is different from the one magnetic en-
coder track and is adjacent to the one magnetic encoder
track, the different magnetic encoder track including a
magnetic pattern magnetized thereto to provide a refer-
ence position for rotation, the magnetic pattern magnet-
ized to the different magnetic encoder track including an
N or S magnetic pole at a certain circumferential location
as well as a magnetic pole, which is an opposite magnetic
pole to the magnetic pole on the certain circumferential
location, at a different circumferential location.

[0019] Each of the magnetic encoder tracks may be
formed to have a track width as measured along arrange-
ment direction of the magnetic encoder tracks, with the
track width being in the range of 1 mm to 5 mm. The term
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"arrangement direction" used herein refers to a direction
that is parallel to a rotation axis of a magnetic encoder
or a direction that is perpendicular to a rotation axis of a
magnetic encoder. The selection of the air gap affects
the magnetic field strength detected by the sensors. In
this configuration, the magnetic encoder tracks have re-
spective track widths as measured along the arrange-
ment direction that are in the range of 1 mm to 5 mm,
thereby enabling proper detection of magnetic signals of
the respective magnetic encoder tracks.

[0020] The plural rows of magnetic encoder tracks may
be adjacent through a boundary line, with the magnetic
encoder being configured to be employed spaced from
the sensors through an air gap that is more than 0.3 mm
and is less than 4 mm and with the sensors having re-
spective detector portions positioned over the respective
magnetic encoder tracks at locations spaced from the
boundary line towards the respective magnetic encoder
tracks by respective distances in the range of 0.5 mm to
3 mm. In a configuration where the sensors have respec-
tive detector portions positioned over the respective mag-
netic encoder tracks atlocations spaced from the bound-
ary line towards the respective magnetic encoder tracks
by respective distances in the range of 0.5 mm to 3 mm,
whenthe airgap is equaltoorless than 0.3 mm, sensor(s)
may accidentally contact with magnetic encoder track(s)
which contain(s), for example, rubber or resin, thus dam-
aging the surface of the magnetic encoder track(s). Also,
a foreign material may be easily trapped between mag-
netic encoder track(s) and sensor(s), thus damaging the
surface of the magnetic encoder track(s). When the air
gap is equal to or more than 4 mm, reduced magnetiza-
tion strength is inevitable and proper control of the inter-
ference of magnetism between plural rows of magnetic
encoder tracks will be difficult. This makes it hard for sen-
sor(s) to generate precise magnetic field signals at its/
their detecting position(s).

[0021] The magnetic encoder tracks may include mag-
netic encoder track(s) including a rare earth sintered
magnet, amagnet containing a rare earth magnet powder
mixed in a rubber or resin, the magnetic encoder track
includes a ferrite sintered magnet or a magnet containing
a ferrite power mixed in a rubber or a resin, the magnetic
encoder track having a thickness that is more than 0.5
mm and is less than 4 mm. When the magnetic encoder
tracks have thickness equal to or less than 0.5 mm, con-
siderable demagnetizing field will be formed inside the
respective magnetic encoder tracks. This leads to higher
chance of causing irreversible flux loss at high tempera-
tures, thereby resulting in reduced reliability as a magnet.
When the magnetic encoder track has thickness equal
to or more than 4 mm, this makes it difficult to pass a
sufficient amount of flux for magnetization through the
magnetic encoder track(s) since the distance between
magnetization heads increases. In the configuration un-
der discussion, however, the respective thickness of the
magnetic encoder track is more than 0.5 mm. This leads
to formation of smaller demagnetizing field inside the re-
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spective magnetic encoder tracks. This also leads to low-
er chance of causing irreversible flux loss at high tem-
peratures, thereby resulting in improved reliability as a
magnet.

[0022] The magnetic pattern magnetized to the one
magnetic encoder track may include magnetic poles,
each having a length L as measured along a circumfer-
ential direction of the magnetic encoder track, the length
L being in the range of 0.3 mm to 5 mm, and wherein
each of the magnetic encoder tracks is so formed that
the length L has a relationship with a track width W, as
measured along arrangement direction of the magnetic
encoder tracks, of W>L. The relationship of W>L can
minimize the unwanted effects of possible errors brought
by the interference of magnetism between the plural rows
of magnetic encoder tracks. Also, the length L of each
magnetic pole being in the range of 0.3 mm to 5 mm
enables necessary and sufficient detection of magnetic
signals of the respective magnetic encoder tracks.
[0023] The plural rows of the adjacent magnetic en-
coder tracks may include respective magnetic patterns
magnetized thereto having different numbers of magnet-
ic poles, with the magnetic pattern magnetized to the at
least one magnetic encoder track being such an unequal
pitch magnetic pattern that the magnetic pattern thereof
acting on position of the corresponding sensor is, under
the interference of magnetism of plural rows of magnetic
encoder tracks, detected by the corresponding sensor
as an equal pitch magnetic pattern.

[0024] As the plural rows of magnetic encoder tracks
approach each other, the magnetic patterns thereof act-
ing on positions of the corresponding sensors are actually
detected by the corresponding sensors as containing er-
ror patterns that include errors brought by the interfer-
ence of magnetism of the respective tracks having dif-
ferent numbers of magnetic pole pairs. In the configura-
tion under discussion, the magnetic pattern magnetized
to the at least one magnetic encoder track is such an
unequal pitch magnetic pattern that the magnetic pattern
thereof acting on position of the corresponding sensor
is, under the interference of magnetism of plural rows of
magnetic encoder tracks, detected by the corresponding
sensor as an equal pitch magnetic pattern. The plural
rows of magnetic encoder tracks are brought close to be
integral with each other, causing interference of magnet-
ism between the respective magnetic encoder tracks
such that the interference generally cancels each other’s
error patterns and reduces errors. In this way, the mag-
netic pattern that operates on position of the sensor may
be detected by the corresponding sensor at its actual
detecting position as magnetic pattern that are closer to
ideal, error-free magnetic pattern. This enables, despite
the presence of plural rows of magnetic encoder tracks,
accurate detection, by the sensor, of signals of equal
pitch for detection of rotation.

[0025] Magnetic material(s) may be further provided
so as to be interposed between the plural rows of the
adjacent magnetic encoder tracks. A core having the plu-
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ral rows of magnetic encoder tracks disposed thereon
may be further provided, with the plural rows of the ad-
jacent magnetic encoder tracks having gap interposed
therebetween. Any one of these configurations can fur-
ther enhance the effect or advantage of the interference
of magnetism between the respective magnetic encoder
tracks that generally cancels each other’s error patterns.
[0026] The plural rows of magnetic encoder tracks may
include a magnetic encoder track that is different from
the one magnetic encoder track and is adjacent to the
one magnetic encoder track, the one magnetic encoder
track has a track width as measured along arrangement
direction of the magnetic encoder tracks, and the differ-
ent, adjacent magnetic encoder track has a track width,
as measured along arrangement direction of the mag-
netic encoder tracks, different from the track width of the
one magnetic encoder track. This provides freedom in
arrangement of sensors, thereby facilitating the incorpo-
ration of a magnetic encoder into a device. The plural
rows of the adjacent magnetic encoder tracks may in-
clude respective detected surfaces extending on differ-
ent planes.

[0027] A magnetic encoder according to the second
aspect of the present invention is a magnetic encoder
which includes plural rows of linear magnetic encoder
tracks that are arranged adjacent to each other and are
formed integrally with the magnetic encoder, with at least
one magnetic encoder track of the magnetic encoder
tracks including a magnetic pattern magnetized thereto
to generate signals of equal pitch for detection of speed
and with the magnetized magnetic pattern including N
poles and S poles arranged in alternate fashion. The
magnetic encoder is configured to be employed spaced
through an air gap from sensors that read magnetic sig-
nals of the respective magnetic encoder tracks. The at
least one magnetic encoder track is configured such that
the magnetic pattern thereof acting on position of the
corresponding sensor is, under the interference of mag-
netism of plural rows of magnetic encoder tracks, detect-
ed by the corresponding sensor as an equal pitch mag-
netic pattern.

[0028] A plural-row magnetic encoder according to
present invention may be applied to a linear motion en-
coder. In this case, too, at least one magnetic encoder
track is configured such that the magnetic pattern thereof
acting on position of the corresponding sensor is, under
the interference of magnetism of plural rows of magnetic
encoder tracks, detected by the corresponding sensor
as an equal pitch magnetic pattern. In this way, the in-
terference of magnetism of plural rows of magnetic en-
coder tracks can be used to achieve detection of an equal
pitch magnetic pattern by corresponding sensor(s) at its/
their actual detecting position(s), while also ensuring a
desired air gap and without the need to complicate the
construction of a magnetic encoder. Thus, despite the
presence of plural rows of magnetic encoder tracks, cor-
responding sensor(s) can accurately detect signals of
equal pitch. The configuration under discussion elimi-
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nates the need to provide or makes it optional to provide
a space between plural rows of magnetic encoder tracks
or to provide interposition of, for example, a magnetic
material between the tracks. In this way, the construction
of a magnetic encoder can be simplified, thereby leading
to reduction in the production cost of the magnetic en-
coder and/or reduction in the size of the magnetic encod-
er.

[0029] The presentinvention encompasses any com-
bination of at least two features disclosed in the claims
and/or the specification and/or the drawings. In particular,
the present invention encompasses any combination of
at least two features in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Inany event, the present invention will become
more clearly understood from the following description
of embodiments thereof, when taken in conjunction with
the accompanying drawings. However, the embodiments
and the drawings are given only for the purpose of illus-
tration and explanation, and are notto be taken as limiting
the scope of the presentinvention in any way whatsoever,
which scope is to be determined by the appended claims.
In the accompanying drawings, like reference numerals
are used to denote like parts throughout the several
views, and:

Fig. 1A shows a longitudinal cross sectional view of
a radial-type magnetic encoder according to the first
embodiment of the present invention;

Fig. 1B shows a longitudinal cross sectional view of
an axial-type magnetic encoder according to the first
embodiment of the present invention;

Fig. 2 shows diagram (A) illustrating magnetic pat-
terns magnetized to the surfaces of tracks of the
magnetic encoder, and diagram (B) illustrating the
magnetic patterns on the magnetic encoder detected
at positions corresponding to a desired air gap;

Fig. 3A shows a longitudinal cross sectional view of
a radial-type magnetic encoder according to the sec-
ond embodiment of the present invention;

Fig. 3B shows a longitudinal cross sectional view of
an axial-type magnetic encoder according to the sec-
ond embodiment of the present invention;

Fig. 4A shows a longitudinal cross sectional view of
aradial-type magnetic encoder according to the third
embodiment of the present invention;

Fig. 4B shows a longitudinal cross sectional view of
an axial-type magnetic encoder according to the third
embodiment of the present invention;

Fig. 5 shows the magnetic patterns magnetized to
the magnetic encoder;

Fig. 6A shows an example of the magnetic patterns
magnetized to a magnetic encoder according to the
fourth embodiment of the present invention;

Fig. 6B shows another example of the magnetic pat-
terns magnetized to a magnetic encoder according
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to the fourth embodiment of the present invention;
Fig. 6C shows yet another example of the magnetic
patterns magnetized to a magnetic encoder accord-
ing to the fourth embodiment of the present inven-
tion;

Fig. 7 shows an example of the magnetic patterns
magnetized to a magnetic encoder according to the
fith embodiment of the present invention;

Fig. 8 shows an example of the magnetic patterns
magnetized to a magnetic encoder according to the
sixth embodiment of the present invention;

Fig. 9A shows a longitudinal cross sectional view of
aradial-type magnetic encoder according to the sev-
enth embodiment of the present invention;

Fig. 9B shows a longitudinal cross sectional view of
an axial-type magnetic encoder according to the sev-
enth embodiment of the present invention;

Fig. 10 shows an example of the magnetic patterns
magnetized to plural rows of magnetic encoder
tracks of the magnetic encoder, where the magnetic
encoder tracks are arranged in neighboring relation;
Fig. 11A shows the magnetic pattern magnetized to
one of the magnetic encoder tracks of the magnetic
encoder, together with its error pattern;

Fig. 11B shows the magnetic pattern magnetized to
the other magnetic encoder track of the magnetic
encoder tracks of the magnetic encoder, together
with its error pattern;

Fig. 12A shows a longitudinal cross sectional view
of a radial-type magnetic encoder according to the
eighth embodiment of the present invention;

Fig. 12B shows a longitudinal cross sectional view
of an axial-type magnetic encoder according to the
eighth embodiment of the present invention;

Fig. 13A shows a longitudinal cross sectional view
of a radial-type magnetic encoder according to the
ninth embodiment of the present invention;

Fig. 13B shows a longitudinal cross sectional view
of an axial-type magnetic encoder according to the
ninth embodiment of the present invention;

Fig. 14A shows a longitudinal cross sectional view
of a radial-type magnetic encoder according to the
tenth embodiment of the present invention;

Fig. 14B shows a longitudinal cross sectional view
of an axial-type magnetic encoder according to the
tenth embodiment of the present invention;

Fig. 15A shows a longitudinal cross sectional view
of a radial-type magnetic encoder according to the
eleventh embodiment of the present invention;

Fig. 15B shows a longitudinal cross sectional view
of an axial-type magnetic encoder according to the
eleventh embodiment of the present invention;

Fig. 16A shows a longitudinal cross sectional view
of a radial-type magnetic encoder according to the
twelfth embodiment of the present invention;

Fig. 16B shows a longitudinal cross sectional view
of an axial-type magnetic encoder according to the
twelfth embodiment of the present invention;
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Fig. 17A shows a longitudinal cross sectional view
of a radial-type magnetic encoder according to the
thirteenth embodiment of the present invention;
Fig. 17B shows a longitudinal cross sectional view
of an axial-type magnetic encoder according to the
thirteenth embodiment of the present invention;
Fig. 18A shows a longitudinal cross sectional view
of a radial-type magnetic encoder according to the
fourteenth embodiment of the present invention;
Fig. 18B shows a longitudinal cross sectional view
of an axial-type magnetic encoder according to the
fourteenth embodiment of the present invention;
Fig. 19 shows an example of the magnetic patterns
magnetized to a magnetic encoder according to the
fifteenth embodiment of the present invention;

Fig. 20 shows an example of the magnetic patterns
magnetized to a magnetic encoder according to the
sixteenth embodiment of the present invention;

Fig. 21A shows a longitudinal cross sectional view
of a conventional radial-type magnetic encoder;
Fig. 21B shows a longitudinal cross sectional view
of a conventional axial-type magnetic encoder;

Fig. 22A shows an example of magnetization of the
surfaces of magnetic tracks of a magnetic encoder,
having desired magnetic patterns magnetized there-
to;

Fig. 22B shows an example of magnetization detect-
ed by sensors at positions corresponding to a de-
sired air gap;

Fig. 23A shows a longitudinal cross sectional view
of a conventional radial-type magnetic encoder;
Fig. 23B shows a longitudinal cross sectional view
of a conventional axial-type magnetic encoder;

Fig. 24A shows the magnetic pattern magnetized to
one of the magnetic encoder tracks of the magnetic
encoder;

Fig. 24B shows the magnetic pattern magnetized to
the other magnetic encoder track of the magnetic
encoder tracks of the magnetic encoder; and

Fig. 25 shows the magnetic patterns magnetized to
the magnetic encoder, together with their error pat-
terns.

DESCRIPTION OF THE EMBODIMENTS

[0031] The first embodiment of the present invention
will be described in connection with Figs. 1A and 1B, and
Fig. 2 showing diagrams (A) and (B). A magnetic encoder
according to this embodiment may be used, for example,
to detect rotation, rotational angles, and linear move-
ments of various devices.

[0032] As shown in Figs. 1A and 1B, a magnetic en-
coder ME includes plural rows of annular magnetic en-
coder tracks 1, 2 that are arranged adjacent to each other
and are formed integrally with the magnetic encoder ME.
The magnetic encoder tracks 1, 2 are disposed on a
disc-shaped (Fig. 1B) or cylindrical (Fig. 1A) core 3 such
that the magnetic encoder tracks 1, 2 are arranged co-
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axially and adjacent to each other on a surface of the
core 3. As shown in Fig. 1B, a magnetic encoder ME that
includes, for example, a magnetized, axial-type, annular
magnetic body may be attached to an outer peripheral
surface Da of, for example, a rotational raceway member
of abearing, with a cylindrical segment of the core 3 being
force-fitted to the outer peripheral surface Da. The mag-
netic encoder tracks 1, 2 include, for example, a rubber,
plastic, or a sintered element containing a magnetic pow-
er therein, that are magnetized as a rubber magnet, a
plastic magnet or a sintered magnet, respectively. ltis to
be noted that the annular magnetic body is not limited to
an axial-type, annular magnetic body; for example, the
annular magnetic body may be a radial-type, annular
magnetic body such as shown in Fig. 1A.

[0033] The magnetic encoder tracks 1, 2 include a
magnet containing ferrite that is sinter-molded (i.e.
so-called a ferrite sintered magnet), or a molded magnet
containing a ferrite magnetic power mixed in a rubber or
resin. The material for the magnet may include a rare
earth magnet, but ferrite is more advantageous under
regular operating conditions, since ferrite is inexpensive
and can be easily magnetized. In the embodiment under
discussion, as shown in diagram(A) of Fig. 2, each of the
magnetic encoder tracks 1, 2 includes N poles and S
poles magnetized thereto in alternate fashion along a
circumferential direction of the each magnetic encoder
track 1, 2. As shown in Fig. 1A and Fig. 1B, the magnetic
encoder ME is employed and arranged such that the re-
spective detected surfaces thereof are spaced apart
through an air gap Gp from sensors Sa, Sb that read
magnetic signals of the respective magnetic encoder
tracks 1, 2, with the air gap Gp being more than 0.3 mm
and less than 4 mm. As shown in diagrams (A) and (B)
of Fig. 2, the plural rows of magnetic encoder tracks 1,
2 are adjacent through a boundary line Lk. The sensors
Sa, Sb have respective detector portions that are posi-
tioned over the respective magnetic encoder tracks 1, 2
at locations spaced from the boundary line Lk towards
the respective magnetic encoder tracks 1, 2 by respective
distances in the range of 0.5 mm to 3 mm. The detector
portions of the sensors Sa, Sb are positioned at respec-
tive sensor reading positions P1, P2 as depicted by bro-
ken lines in diagrams (A) and (B) of Fig. 2.

[0034] Each of the magnetic encoder tracks 1, 2 has
atrack width Win the range of 1 mmto 5 mm and includes
magnetic poles, each having a length L in the range of
0.3 mm to 5 mm. The track width W refers to a track width
as measured along arrangement direction of the tracks
that is perpendicular to the direction of rotation of the
magnetic encoder ME. The magnetic pole length L refers
to the length of each of the magnetic poles of a magnetic
pattern, as measured along the direction of rotation of
the magnetic encoder ME. Preferably, the track width W
and the magnetic pole length L satisfy the relationship of
W>L. The magnetic encoder tracks 1, 2 have respective
thicknesses t1 such as shown in Fig. 1A and Fig. 1B, with
the respective thicknesses t1 being more than 0.5 mm
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and less than 4 mm.

[0035] The magnetization of magnetic patterns will
now be described, where the magnetic patterns as shown
in Fig. 22A are the desired patterns which will be detected
by sensors. Diagram (A) of Fig. 2 shows magnetic pat-
terns magnetized on surface of a magnetic encoder. Di-
agram (B) of Fig. 2 shows magnetic patterns actually
detected by sensors Sa, Sb at locations where the de-
tector portions thereof are positioned.

[0036] As shown in diagrams (A) and (B) of Fig. 2, the
magnetic encoder ME includes plural rows (two rows in
the illustrated example) of annular magnetic encoder
tracks 1, 2 that are arranged adjacent to each other and
are formed integrally with the magnetic encoder. The
magnetic encoder tracks 1, 2 include respective magnet-
ic patterns Pa, Pb magnetized thereto, each including N
poles and S poles arranged in alternate fashion. One of
the magnetic encoder tracks is an AB track 1 that is em-
ployed to generate signals of equal pitch for detection of
rotation. The other magnetic encoder track 2 is a Z track
that is employed to generate signals indicative of point
of origin. The magnetic pattern Pb magnetized to the Z
track has the same number of magnetic poles as the AB
track. Moreover, the magnetic pattern Pb includes a
phase offset with respect to the magnetic pattern Pa mag-
netized to the AB track.

[0037] As shown in diagram (B) of Fig. 2, among the
magnetic patterns actually detected by the detector por-
tions Sa, Sb of sensors that confront through an air gap
Gp to the magnetic encoder, the AB track is detected as
an equal pitch magnetic pattern to generate signals of
equal pitch for detection of rotation, where the magnetic
pole widths L21, L, L22 are equal to each other. To
achieve this result, the magnetic encoder tracks should
be formed such that the interference of magnetism of the
plural rows of magnetic encoder tracks 1, 2 will result in
such patterns as shown in diagram (B) of Fig. 2. In other
words, magnetic patterns such as shown in diagram (A)
of Fig. 2 are magnetized to surface of the magnetic en-
coder, which will compensate for the influence brought
by the interference of magnetism. More specifically, an
unequal pitch magnetic pattern satisfying the relationship
of L12<L<L11 is magnetized to the AB track whereby the
magnetization pitch of the magnetic pattern Pa is mod-
ulated such that the magnetic pattern will be detected as
an equal pitch magnetic pattern Psa. On the other hand,
a magnetic pattern satisfying the relationship of L1171’
<L21’ <L and L<L22’' <L12’ is magnetized to the Z track.
In other words, the magnetic pattern Pb is modulated to
include both magnetic poles with narrower widths and
magnetic poles with wider widths as measured along a
circumferential direction of the respective poles, such
that those poles with narrow widths will be actually de-
tected to be much narrower and those poles with wide
widths will be actually detected to be much wider.
[0038] The sensor Sa (Figs. 1A and 1B) that confronts
through the air gap Gp to the AB track will output, based
on magnetic field signals detected by a magnetic sensor
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element of the sensor Sa, A-phase pulse signals and B-
phase pulse signals, with an A-phase pulse signal and a
B-phase pulse signal being out of phase by 90° from each
other. The sensor Sb (Figs. 1A and 1B) that confronts
through the air gap Gp to the Z track will output, based
on magnetic field signals detected by a magnetic sensor
element of the sensor Sb, Z-phase signal(s) indicative of
a point of origin. These A-phase, B-phase and Z-phase
signals (i.e. ABZ signals) may be out of phase by 90°
from each other.

[0039] In the above discussed configuration of the
magnetic encoder ME, the AB track is configured such
that the magnetic pattern thereof acting on position of
the sensor Sa is, under the interference of magnetism of
plural rows of the AB track and the Z track, detected by
the sensor Sa as an equal pitch magnetic pattern Psa.
In this way, the interference of magnetism of plural rows
of magnetic encoder tracks can be used to achieve de-
tection of an equal pitch magnetic pattern Psa by the
sensor Sa at its actual detecting position, while also en-
suring a desired air gap Gp and without the need to com-
plicate the construction of a magnetic encoder ME. De-
spite the presence of the plural rows of the magnetic en-
coder tracks 1, 2, the sensor Sa can accurately detect
signals of equal pitch for detection of rotation. The above
discussed configuration eliminates the need to form a
space between the plural rows of magnetic encoder
tracks 1, 2 or to provide interposition of, for example, a
magnetic material between the tracks 1, 2. In this way,
the construction of a magnetic encoder ME can be sim-
plified, thereby leading to reduction in the production cost
of the magnetic encoder ME and/or reduction in the size
of the magnetic encoder ME.

[0040] The selection of the air gap Gp affects the mag-
netic field strength detected by the sensors Sa, Sb. In
the above discussed configuration, the magnetic encod-
ertracks 1, 2 have respective track widths W in the range
of 1 mm to 5 mm, thereby enabling detection of magnetic
signals of the respective magnetic encoder tracks 1, 2.

[0041] When the magnetic encoder tracks 1, 2 have
respective thicknesses t1 - namely, the thicknesses of
magnet portions of the magnetic encoder tracks 1, 2 -
that are equal to or less than 0.5 mm, considerable de-
magnetizing field will be formed inside the respective
magnetic encoder tracks. This leads to higher chance of
causing irreversible flux loss at high temperatures, there-
by resulting in reduced reliability as a magnet. When the
magnetic encoder tracks 1, 2 have respective thickness-
es t1 that are equal to or more than 4 mm, this makes it
difficult to pass a sufficient amount of flux for magnetiza-
tion through the magnetic encoder track between its/their
opposite faces.

[0042] In contrast, in the above discussed configura-
tion, the respective thicknesses t1 of the magnetic en-
coder tracks 1, 2 are more than 0.5 mm. This leads to
formation of smaller demagnetizing field inside the re-
spective magnetic encoder tracks. This also leads to low-
er chance of causing irreversible flux loss at high tem-
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peratures, thereby resulting in improved reliability as a
magnet. Furthermore, the respective thicknesses t1 of
the magnetic encoder tracks 1, 2 are less than 4 mm.
This enables a sufficient amount of flux for magnetization
to pass through the magnetic encoder tracks 1, 2. The
length L of each magnetic pole is in the range of 0.3 mm
to 5 mm. Preferably, the track width W and a magnetic
pole length L satisfy the relationship of W>L. This can
minimize the unwanted effects of possible errors brought
by the interference of magnetism between the plural rows
of magnetic encoder tracks 1, 2. Also, the magnetic pole
length L being in the range of 0.3 mm to 5 mm enables
necessary and sufficient detection of magnetic signals
of the respective magnetic encoder tracks 1,2.

[0043] The second embodiment through the sixteenth
embodiment of the present invention will be hereinafter
described. Note that those features corresponding to the
features already described with reference to the preced-
ing embodiments will be given the same reference signs
and will not be described. In the discussion of a given
configuration where only certain features are described,
the remaining non-described features should be consid-
ered as the same as those already described with refer-
ence to the preceding embodiments. Also note that be-
side the combinations of the features described in detail
with reference to a certain embodiment, various embod-
iments themselves can be partially combined with each
other unless such combinations are inoperable.

[0044] Figs. 3A and 3B show the second embodiment.
Amagneticencoder as shownin Figs. 3A and 3B includes
plural rows (two rows in the illustrated example) of mag-
netic encoder tracks 1, 2 that are arranged adjacent to
each other and are formed integrally with the magnetic
encoder. One magnetic encoder track 1 of the magnetic
encoder tracks 1, 2 has a track width W that is different
from the track width W of the other magnetic encoder
track 2. This provides freedom in arrangement of sensors
that are associated with respective magnetic encoder
tracks 1, 2, thereby facilitating the incorporation of a mag-
netic encoder ME and sensors into various devices.
[0045] As in the third embodiment shown in Figs. 4A,
4B and 5, the magnetic encoder ME may include three
or more rows of magnetic encoder tracks that are ar-
ranged adjacent to each other and are formed integrally
with the magnetic encoder, such. For example, the mag-
netic encoder ME may include a plurality of Z tracks. Use
of the resulting signals enables more intricate detection
of rotation.

[0046] The fourthembodimentwill be describedin con-
nection with Fig. 6A to Fig. 6C. As shown in Figs. 6A and
6B, the magnetic encoder ME includes plural rows (two
rows in the illustrated example) of magnetic encoder
tracks 1, 2, where Z track(s) may only include at certain
circumferential location one type of magnetic pole, for
example, an N magnetic pole formed thereon. The re-
maining circumferential locations of the Z track may be
un-magnetized. As shown in Fig. 6C, Z track may only
include at certain circumferential location one type of
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magnetic pole, for example, an N magnetic pole formed
thereon, with the other circumferential locations having
a magnetic pole formed thereon which is an opposite
pole to the magnetic pole on the certain circumferential
location.

[0047] Such as in the fifth embodiment shown in Fig.
7, the magnetic pole length L may vary after every certain
angle (180° in the illustrated example) of a magnetic en-
coder ME to provide different intervals between signals
for detection of position. In this embodiment, a reference
signal is provided at least one time per 180°. Such a
magnetic encoder ME provides a reference signal every
time the interval between signals for detection of position
changes, thereby facilitating more intricate detection of
position.

[0048] Such as in the sixth embodiment shown in Fig.
8, the borderlines Lm defining the distribution of magnet-
ization, or the borderlines Lm between magnetic poles
may be non-perpendicular with respect to the direction
of rotation of a magnetic encoder ME, so as to have re-
spective fixed slant angles a1 with respect to the direction
of rotation as depicted by an arrow A.

[0049] In the seventh embodiment shown in Fig. 9A,
Fig. 9B and Fig. 10, a magnetic encoder MEa includes
plural rows of annular magnetic encoder tracks 1, 2 that
are arranged adjacent to each other and are formed in-
tegrally with the magnetic encoder MEa, with the mag-
netic encoder tracks 1, 2 including respective magnetic
patterns magnetized thereto having different numbers of
magnetic poles. The magnetic encoder MEa is config-
ured to be employed spaced through an air gap Gp of,
for example, 1 mm. For simplicity, the plural rows of mag-
netic encoder tracks 1, 2 are assumed to include a Ch1
track and a Ch2 track, with the Ch1 track including eight
pairs of magnetic poles and the Ch2 track including seven
pairs of magnetic poles.

[0050] Among the plural rows of magnetic encoder
tracks 1, 2, the Ch1 track as shown in Fig. 11A contains
an error pattern that is inverse to the error pattern con-
tained in the Ch1 track shown in Fig. 25, and the Ch2
track as shown in Fig. 11B contains an error pattern that
is inverse to the error pattern contained in the Ch2 track
shown in Fig. 25. When each of the Ch1 track and the
Ch2 track as shown in Fig. 11A and Fig. 11B, respec-
tively, is assumed to be present by itself, each track ex-
hibits a cyclic error pattern. When the Ch1 track and the
Ch2 track are brought close to each other such as shown
in Fig. 10, magnetism of the Cha track and the Ch2 track
interferes with each other, thereby generally cancelling
their error patterns and eliminating the errors. A final
product would have a characteristic that the magnetic
patterns would be detected and measured by sensors
Sa, Sb at positions that correspond to a desired air gap
Gp of 1 mm as equal pitch magnetic patterns. Cyclic error
patterns would appear at locations that do not correspond
to a desired air gap Gp of 1 mm, such as at surfaces of
the magnetic encoder MEa.

[0051] As has been discussed, magnetism of plural
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rows of magnetic encoder tracks 1, 2 interferes with each
other, thereby generally canceling their error patterns
and eliminating the errors. This allows reduction in the
size ofamagneticencoder MEa and also allows improve-
ment in precision performance of the magnetic encoder
MEa, without the need to complicate the construction of
the magnetic encoder MEa.

[0052] The seventh embodiment has been described
assuming: that the air gap Gp is 1 mm; that the Ch1 track
has eight pairs of magnetic poles; and that the Ch2 track
has seven pairs of magnetic poles. However, the present
invention is not necessarily limited to these values; the
magnetic encoder tracks 1, 2 may be magnetized to have
any configuration as long as, with a selected value for
the desired air gap Gp and a selected value for a desired
number of magnetic pole pairs, the magnitude of possible
errors brought by the interference of magnetism as well
as error patterns are generally cancelled out. For in-
stance, when the Ch1 track has thirty-two pairs of mag-
netic poles and the Ch2 track has twenty-eight pairs of
magnetic poles, the number of magnetic pole pairs in
every 90° is eight and seven, respectively. Since in this
case the above discussed and illustrated error patterns
repeat four times per complete rotation, the correspond-
ing four times of modulation may be made to the magnetic
patterns. Moreover, both rows of the magnetic encoder
tracks 1, 2 do not necessarily have to be modulated; only
one of the magnetic encoder tracks 1, 2, that particularly
needs to have precision performance, may be modulat-
ed.

[0053] When the air gap Gp has a value of other than
1 mm, the degree of modulation made to the magnetic
pattern may be increased with the increase of the air gap
Gp. This enables the implementation of the magnetic en-
coder MEa with any given desired air gap Gp, thereby
achieving increased design freedom. In other words, this
implies less limitations in the incorporation of a magnetic
encoder MEa and sensors Sa, Sb into, for example, a
device of interest, thereby enhancing the versatility of a
magnetic encoder MEa. Moreover, this eliminates the
need to separate or makes it optional to separate the
plural rows of magnetic encoder tracks 1, 2 or to insert,
for example, a magnetic material between the tracks 1,
2. In this way, the construction of a magnetic encoder
MEa can be simplified, thereby leading to reduction in
the production cost of the magnetic encoder MEa. Fur-
thermore, this eliminates the need to increase or makes
it optional to increase a space between sensors Sa, Sb
that read signals of plural rows of magnetic encoder
tracks 1, 2, thereby leading to reduction in the size of the
device as a whole, inclusive of a magnetic encoder MEa
and sensors Sa, Sb.

[0054] Such as in the eighth embodiment shown in
Figs. 12A and 12B, a construction may be employed
which includes a spacer 12 made of a magnetic material
interposed between the plural rows of magnetic encoder
tracks 1, 2. Such aspacer 12 made of a magnetic material
short-circuits possible stray magnetic field emanating
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from the magnetic encoder tracks 1, 2 and reduces the
interference of magnetism between the magnetic encod-
er tracks 1, 2, thereby realizing the magnetic encoder
MEa having improved precision performance.

[0055] Such asinthe ninth embodiment shown in Figs.
13A and 13B, a construction may be employed which
includes a groove V provided between the plural rows of
magnetic encoder tracks 1, 2. The groove V is formed to
have a V-shaped cross section having a width that nar-
rows towards a bottom of the groove V. The groove V
can further reduce possible mutual influence in a mag-
netization process as well as the interference of magnet-
ism at the detection by the sensors Sa, Sb (Figs. 9A and
9B), thereby realizing a magnetic encoder MEa having
improved precision performance. Such a groove V that
has a V-shaped cross section having a width that narrows
towards a bottom of the groove V can ensure the sepa-
ration of the respective surfaces of the adjacent magnetic
encoder tracks 1, 2 from each other. This realizes a plu-
ral-row, the magnetic encoder MEa having precision per-
formance thatis higher than those shown in Figs. 9A and
9B. The shape ofthe groove V is notlimited to a V-shaped
cross section and may be, forexample, a U-shaped cross
section.

[0056] Such asinthe tenth embodimentshown in Figs.
14A and 14B, an annular member 13 that includes
non-magnetized segment(s) may be interposed between
the plural rows of magnetic encoder tracks 1, 2. Such an
annular member 13 can ensure the separation of the re-
spective surfaces of the adjacent magnetic encoder
tracks 1, 2 from each other. This realizes a plural-row,
the magnetic encoder MEa having precision perform-
ance that is higher than those shown in Figs. 9A and 9B.
[0057] Such as in the eleventh embodiment shown in
Figs. 15A and 15B, one magnetic encoder track 1 may
have a track width W that is different from the track width
W of the other magnetic encoder track 2. This provides
freedom in arrangement of sensors that are associated
with respective magnetic encoder tracks 1, 2, thereby
facilitating the incorporation of the magnetic encoder
MEa and sensors into various devices.

[0058] Such as in the twelfth embodiment shown in
Figs. 16A and 16B, one magnetic encoder track 1 may
have a track surface extending on a plane that is different
from a plane on which a track surface of the other mag-
netic encoder track 2 extends. In Fig. 16A, the track sur-
face 1a of the magnetic encoder track 1 which is closer
to an axially distal end of a magnetic encoder is formed
to be such an inclined surface that the track thickness t1
of the magnetic encoder track 1 decreases towards the
axially distal end. In Fig. 16B, the track surface 1a of the
magnetic encoder track 1 which is closer to an outer di-
ameter side of the magnetic encoder is formed to be such
an inclined surface that the track thickness t1 of the mag-
netic encoder track 1 decreases towards the outer diam-
eter side.

[0059] Such as in the thirteenth embodiment shown in
Figs. 17A and 17B, the entirety of the magnetic encoder
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track 2 which is closer to an axially proximate end of the
magnetic encoder has a thickness that is smaller than
the thickness of the magnetic encoder track 1 which is
closer to an axially distal end of the magnetic encoder.
In Fig. 17B, the entirety of the magnetic encoder track 2
which is closer to an inner diameter side of the magnetic
encoder has athickness thatis smaller than the thickness
of the magnetic encoder track 1 which is closer to an
outer diameter side of the magnetic encoder. The mag-
netic encoders MEa as shown in Figs. 16A and 16B as
well as the magnetic encoders MEa as shown in Figs.
17A and 17B include the plural rows of magnetic encoder
tracks 1, 2 that include respective detected surfaces ex-
tending on different planes. This allows for provision of
difference in magnetization strength between respective
rows of magnetic encoder tracks 1, 2, thereby facilitating
control of the interference of magnetism between the plu-
ral rows of magnetic encoder tracks 1, 2.

[0060] Such as in the fourteenth embodiment shown
in Figs. 18A and 18B or the fifteenth embodiment shown
in Fig. 19, the magnetic encoder MEa may include three
or more rows of magnetic encoder tracks that are ar-
ranged adjacent to each other and are formed integrally
with the magnetic encoder MEa. In the example under
discussion, the magnetic encoder MEa includes a Ch1
track having eight pairs of magnetic poles, a Ch2 track
having seven pairs of magnetic poles, and a Ch3 track
having six pairs of magnetic poles, with the Ch1, Ch2,
and Ch3 tracks being arranged in this order as shown in
Fig. 19. Use of the resulting signals enables more intri-
cate detection of rotation.

[0061] Such as in the sixteenth embodiment shown in
Fig. 20, the borderlines Lm defining the distribution of
magnetization, or the borderlines Lm between magnetic
poles may be non-perpendicular with respect to the di-
rection of rotation of the magnetic encoder MEa, so as
to have respective fixed slant angles a1 with respect to
the direction of rotation as depicted by an arrow A.
[0062] Although the preceding embodiments have
been discussed with reference to a rotational magnetic
encoder that includes annular magnetic encoder tracks,
the present invention is not limited to such a rotational
magnetic encoder. For example, a linear (linear motion)
encoder, which may be used to detect the position of a
moving element in a linear motion mechanism such as
a movable table, may include magnetic patterns accord-
ing to any one of the preceding embodiments (i.e. Dia-
gram (A) of Fig. 2, Diagram (B) of Fig. 2 and Fig. 5) to
form a plural-row magnetic encoder. Such a magnetic
encoder can also achieve the same effect or advantage
as a magnetic encoder according to any one of the pre-
ceding embodiments.

[0063] Although the present invention has been fully
described in connection with the embodiments thereof
with reference to the accompanying drawings which are
used only for the purpose of illustration, those skilled in
the art will readily conceive numerous changes and mod-
ifications within the framework of obviousness upon the
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reading of the specification herein presented of the
present invention. Accordingly, such changes and mod-
ifications are, unless they depart from the scope of the
present invention as delivered from the claims annexed
hereto, to be construed as included therein.

[Reference Numerals]

[0064]

1, 2: Magnetic encoder track

Gp: Air gap

ME, MEa: Magnetic encoder

Pa, Pb: Magnetized magnetic pattern
Psa, Psb: To-be-detected magnetic pattern
Sa, Sbh: Sensor

W: Track width

Claims

1. A magnetic encoder comprising:

plural rows of magnetic encoder tracks that are
arranged adjacent to each other and are formed
integrally with the magnetic encoder, at least
one magnetic encoder track of the magnetic en-
coder tracks including a magnetic pattern having
N poles and S poles arranged in alternate fash-
ion magnetized thereto to generate signals of
equal pitch for detection of rotation, the magnetic
pattern,

the magnetic encoder being configured to be
employed spaced through an air gap from sen-
sors thatread magnetic signals of the respective
magnetic encoder tracks,

the at least one magnetic encoder track being
configured such that the magnetic pattern there-
of acting on position of the corresponding sensor
is, under an interference of magnetism of the
plural rows of magnetic encoder tracks, detect-
ed by the corresponding sensor as an equal
pitch magnetic pattern.

The magnetic encoder as claimed in Claim 1, where-
in the plural rows of magnetic encoder tracks include
a magnetic encoder track that is different from the
one magnetic encoder track and is adjacent to the
one magnetic encoder track, the different magnetic
encoder track including a magnetic pattern magnet-
ized thereto to provide a reference position for rota-
tion, the magnetic pattern magnetized to the different
magnetic encoder track having the same number of
magnetic poles as the one magnetic encoder track,
and a phase offset with respect to the magnetic pat-
tern magnetized to the one magnetic encoder track,
and the different magnetic encoder track being con-
figured to provide, by the use of the phase offset with
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respect to the magnetic pattern magnetized to the
one magnetic encoder track, the reference position
for rotation.

The magnetic encoder as claimed in Claim 1, where-
in the plural rows of magnetic encoder tracks include
a magnetic encoder track that is different from the
one magnetic encoder track and is adjacent to the
one magnetic encoder track, the different magnetic
encoder track including a magnetic pattern magnet-
ized thereto to provide a reference position for rota-
tion, the magnetic pattern magnetized to the different
magnetic encoder track including that has an N or S
magnetic pole at a certain circumferential location
with the remaining circumferential portion being not
magnetized.

The magnetic encoder as claimed in Claim 1, where-
in the plural rows of magnetic encoder tracks include
a magnetic encoder track that is different from the
one magnetic encoder track and is adjacent to the
one magnetic encoder track, the different magnetic
encoder track including a magnetic pattern magnet-
ized thereto to provide a reference position for rota-
tion, the magnetic pattern magnetized to the different
magnetic encoder track including an N or S magnetic
pole at a certain circumferential location as well as
a magnetic pole, which is an opposite magnetic pole
to the magnetic pole on the certain circumferential
location, at a different circumferential location.

The magnetic encoder as claimed in Claim 1, where-
in each of the magnetic encoder tracks is formed to
have a track width, as measured along arrangement
direction of the magnetic encoder tracks, intherange
of 1 mm to 5 mm.

The magnetic encoder as claimed in Claim 1, where-
in the plural rows of magnetic encoder tracks are
adjacent through a boundary line, the magnetic en-
coder being configured to be employed spaced from
the sensors through an air gap that is more than 0.3
mm and is less than 4 mm, the sensors having re-
spective detector portions positioned over the re-
spective magnetic encoder tracks at locations
spaced from the boundary line towards the respec-
tive magnetic encoder tracks by respective distanc-
es in the range of 0.5 mm to 3 mm.

The magnetic encoder as claimed in Claim 1, where-
in the magnetic encoder track includes a ferrite sin-
tered magnet or a magnet containing a ferrite power
mixed in a rubber or a resin, the magnetic encoder
track having a thickness that is more than 0.5 mm
and is less than 4 mm.

The magnetic encoder as claimed in Claim 1, where-
in the magnetic pattern magnetized to the one mag-
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netic encoder track includes magnetic poles, each
having a length L as measured along a circumferen-
tial direction of the magnetic encoder track, the
length L being in the range of 0.3 mm to 5 mm, and
wherein each of the magnetic encoder tracks is so
formed that the length L has a relationship with a
track width W, as measured along arrangement di-
rection of the magnetic encoder tracks, of W>L.

The magnetic encoder as claimed in Claim 1, where-
in the plural rows of the adjacent magnetic encoder
tracks include respective magnetic patterns magnet-
ized thereto having different numbers of magnetic
poles, the magnetic pattern magnetized to the at
least one magnetic encoder track being so formed
to have an unequal pitch that the magnetic pattern
thereof acting on position of the corresponding sen-
sor is, under the interference of magnetism of plural
rows of magnetic encoder tracks, detected by the
corresponding sensor as an equal pitch magnetic
pattern.

The magnetic encoder as claimed in Claim 9, further
comprising a magnetic material interposed between
the plural rows of the adjacent magnetic encoder
tracks.

The magnetic encoder as claimed in Claim 9, further
comprising a core having the plural rows of magnetic
encoder tracks disposed thereon, the plural rows of
the adjacent magnetic encoder tracks having a gap
interposed therebetween.

The magnetic encoder as claimed in Claim 9, where-
in the plural rows of magnetic encoder tracks include
a magnetic encoder track that is different from the
one magnetic encoder track and is adjacent to the
one magnetic encoder track, the one magnetic en-
coder track has a track width as measured along
arrangement direction of the magnetic encoder
tracks, and the different, adjacent magnetic encoder
track has a track width, as measured along arrange-
ment direction of the magnetic encoder tracks, dif-
ferent from the track width of the one magnetic en-
coder track.

The magnetic encoder as claimed in Claim 9, where-
in the plural rows of the adjacent magnetic encoder
tracks include respective to-be-detected surfaces
extending on different planes.

A magnetic encoder which comprises:

plural rows of linear magnetic encoder tracks
that are arranged adjacentto each otherand are
formed integrally with the magnetic encoder, at
least one magnetic encoder track of the mag-
netic encoder tracks including a magnetic pat-
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tern magnetized thereto to generate signals of
equal pitch, the magnetized magnetic patternin-
cluding N poles and S poles arranged in alter-
nate fashion,

the magnetic encoder being configured to be
employed spaced through an air gap from sen-
sors that read magnetic signals of the respective
magnetic encoder tracks,

the at least one magnetic encoder track being
configured such that the magnetic pattern there-
of acting on position of the corresponding sensor
is, under the interference of magnetism of plural
rows of magnetic encoder tracks, detected by
the corresponding sensor as an equal pitch
magnetic pattern.
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